were replaced with the ATU1 tail, rescued BTU1/BTU2 double knockout (but not ATU1) heterokaryons (Table  1) [11], where it occurs on both ␤-and ␣-tubulins (our strate that a tail is required for the essential function unpublished data). To determine whether the essential of both ␣-and ␤-tubulin. However, the two tails are function of the ␤ C terminus was related to either glutainterchangeable, and cells grow normally with either mylation or glycylation, we constructed the BTU1-9D an ␣ or a ␤ tail on both tubulins. In addition, an ␣ gene mutation with all possible glycylation and glutamylation containing a duplicated ␣ C terminus rescues a lethal sites in the BTU1 C terminus mutated from Es to Ds. As mutant lacking all known posttranslational modificaexpected, this mutation failed to produce viable progtion sites on the ␤ C terminus but cannot rescue deleeny when transformed into mating BTU1/BTU2 knocktion of the ␤ tail. Thus, tubulin tails have a second out heterokaryons. However, this lethal mutation could essential function that is not associated with postbe rescued by cotransformation with ATU1 ϩ A1 and translational modification.
all of the E residues added to the tails had been mutated is surprising in light of studies that have identified a conserved "axonemal motif" sequence in the CTT of all to D (to prevent modification) failed to rescue the BTU1-9D mutation. Neither the lethal tail deletions nor the ␤-tubulins that participate in axoneme formation [12] and is required for normal formation of the central pair of lethal mutations of the PTM sites could be rescued in rich growth media in which nonmotile Tetrahymena can microtubules in Drosophila [13] . This original axonemal motif sequence is not found in Tetrahymena ␣-tubulin, survive, suggesting there are essential functions of the tails and/or the PTMs that are unrelated to ciliary funcand yet, the ATU1 CTT can replace the BTU1 CTT to produce cells that grow and swim normally. However, tions.
Our studies demonstrate that there are no essential we have identified a similar but not identical motif that is conserved in axonemal but not in nonaxonemal functions that are unique to either the ␣ or ␤ CTT. This Table 2 
␣ isoforms have also been observed in two dimensional gel analyses (J. Gaertig and Y. Gao, personal communication).

Experimental Procedures
Tetrahymena thermophila, strain CU428, were provided by P.J. (Table 3 Hai and M.A.G, unpublished data. supmatin.htm.
␣-tubulins
